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Introduction 19
Silver is a well-known noble metal with high catalytic activity, remarkable optical properties, 20
and excellent antibacterial activity [1] . Surfactants are usually introduced in the synthesis process for 21 small Ag nanoparticles (AgNP) in order to avoid the conglomeration and large size of Ag particles, 22 which could significantly depress its activity and stability [2] . However, the residual surfactant can 23 also seriously deactivate the as-prepared catalyst. Therefore, the better method to prepare AgNP is on In this work, we report an environmental friendly one-pot hydrothermal route to produce Ag 35 nanoparticles decorated reduced graphene oxide hybrid (AgNP/rGO) using gallic acid (GA) as a 36 reducing agent, which could be found in tea leaves, sumac, and other plants. The fabrication process 37 is illustrated in Figure 1a . Firstly, Ag + ion was easily coordinated with negatively charged 38 oxygen-containing functional groups on GO sheets. Followed by the hydrothermal process, 39
AgNP/rGO hybrid is obtained with the presence of GA. The as-prepared AgNP/rGO hybrid exhibits 40 enhanced electrocatalytic performance toward H 2 O 2 reduction and has been successfully applied for 41
Experimental 43
All the reagents are of analytical purity grade and have been received from commercial sources. 44 GO was synthesized by the modified Hummers method [10] . The resulting GO solution was 45 ultrasound for 1 h, centrifuged to wipe off the unexploited graphite, and diluted in distilled water at a47 were dissolved into 30 mL distilled water for further use. 2 mL of GO was dispersed into the 48 foregoing solution. The mixtures were added 6 mL of 5 mg/mL gallic acid solution and stirred for 20 49 min at room temperature then transfer in a Teflon liner of 40 mL capacity, and then the liner was 50 sealed in a stainless steel autoclave. The autoclave was maintained at 190 °C for 5 h and then 51 allowed to cool to room temperature by cool-water. Dark brown-colored precipitate was filtered off, 52
washed with distilled water and absolute ethanol several times, and then dispersed in water for 53 further use. Reduced graphene oxide without adding sliver salt was prepared by the same procedure 54 for comparison. 55
The morphology and structure of the prepared samples were characterized by transmission 56 electron microspcopy (TEM, JEOL-2010, voltage of 200 kV) and X-ray diffraction (XRD, 57 D8-advanced, Bruker, 40 kV, 20mA, Cu Kα radiation). The atomic composition of AgNP/rGO was 58 detected by X-ray photoelectron spectroscopy (XPS, Perkin Elmer, Al Kα radiation). Raman 59 spectroscopy was performed using a Jobin-Yvon HR800 Ram system. 60
All electrochemical experiments were performed on a CHI720 electrochemical workstation. 61
Cyclic voltammetry (CV) and chronoamperometry (CA) testing were carried out using a 62 three-electrode cell, including a glassy carbon electrode (GCE) as the working electrode, an 63 Ag/AgCl electrode as the reference electrode, and a platinum wire electrode as the counter electrode. 64
For the working electrodes preparation, required amount of samples was ultrasonically dispersed in 4 The TEM images of the GO and AgNP/rGO are shown in Figure 1 (b, c) . Figure 1b indicates that 69 the as-prepared GO is of a flake-like shape with slight wrinkles on the surfaces. From Figure 1c , it 70 clearly shows that the rGO sheet has been decorated with Ag nanoparticles with an average diameter 71 of 12 nm. The existence of C, O and Ag elements is further confirmed by EDS (Figure 1d ). Si peak 72
originates from the substrate. The corresponding particle size distribution is shown in Figure 1e , 73 revealing AgNP with an average size of 12.29±0.12 nm dispersed on the rGO sheets. 74
The XRD was performed to investigate the phase structure of GO, rGO and AgNP/rGO (Figure  75 2a). The as-synthesized GO displays a typical characteristic (002) (Figure 2f ), the intensity of 93 oxygenated groups decreased significantly, illuminating that GO was reduced to rGO during the 94 hydrothermal process. The C/O ratio of AgNP/rGO is 11.2, four times higher than that (2.6) of GO. 95 This result is in a good agreement with the results of Raman spectroscopy [15] . 96
To assess the electrocatalytic performance of the as-prepared AgNP/rGO hybrid to H 2 O 2 , a 97 nonenzymatic sensor was constructed. Figure 3a shows the CV curves of bare GCE, GO, rGO, and 98
AgNP/rGO modified GCEs toward the electrocatalytic reduction of H 2 O 2 in a nitrogen saturated 0.2 99 6 could be concluded that this AgNP/rGO hybrid had the great potential to be employed as biosensors 113 with high sensitivity and stability. 114
Conclusion 115
In summary, AgNPs with an average size of 12 nm have been successfully decorated onto the 116 rGO sheets through a simple one-pot hydrothermal method using gallic acid as the reducing agent. 117
The as-synthesized AgNP/rGO hybrid displays an excellent electrocatalytic activity toward H 2 O 2 118 reduction, with a promising response. 
